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Abstract 
To reveal the dynamic impact of rock bursting induced by the thick and hard roof of gravel as key stratum fractured, 
based on the key strata and rock control theories, combined with the mechanical load-based dynamic loading with the 
Law of Conservation of Energy in a system, this paper analysed the static stability and the processing of energy 
conversion within the system when the key stratum was fracturing. And the key stratum dynamic model of fracturing 
was established. The results indicate that large amounts of strain energy would be forced into the rock during the 
process as the key stratum fractures and becomes unstable. The greater the dynamic load factor is, the more elastic 
energy is forced into the lower rock strata of the key stratum, and the more obvious the dynamic impact of the lower 
rock strata would be. The size of the dynamic load factor relates to the aspect ratio of key rock masses, the thickness 
of the overburden, the mining height, the height of the fragmentized rock at the bottom of key stratum and the 
compaction coefficient of the fragmentized rock under the static during loading conditions. According to the 
calculation of actual work, the results are consistent with the field tests approximately. The results can provide 
references to similar conditions. 
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1. Introduction 
The key stratum controls the overlying rock strata, even to the surface, with high strength, high 
thickness, and overall subsidence of overlying strata happen easily when it fractures [1-3]. The key 
stratum that has different lithology, strength and thickness impacts the control of the rock strata and the 
dynamic impact of rock burst after it fractures [4-7]. As the key stratum, the thick and hard roof with 
gravel is controlling the movements of the entire overburden, because of its characteristics of high 
strength, high thickness, fracture would not happen until the area of mining space reaches a value that is 
big enough [8]. The whole overburden even surface sinks the surface instantaneously when it fractures, 
causing a release of strong dynamic force on the rock strata below the key stratum. With the increasing in 
the strength and depth of mining exploitation, the dynamic impact of rock burst will be more and more 
important when the key stratum fractures suddenly, and the support designs and the hazards of rock burst 
induced by dynamic effects continue to increase[9-10]. 
The previous have developed comprehensive and systematic studies on rock control, mining damage 
and the mechanism of water inrush at the overburden separation area [11-14]. Reference [15] discussed 
the impact on the height of water inrush caused by the location of key stratum, and explained the 
mechanism of water inrush in some coalmines accidents. Reference [16] discussed the stress of the 
compound key stratum with the Elastic Thin Plate Theory and Laminated Plate Theory of the mechanics 
of composite materials, and obtained the limit load when the key stratum was unstable by using plastic 
limit analysis methods, regarding the combined motion of rock strata overburden as the combined motion 
of the key strata based on the hard rock strata. Reference [17] discussed the mechanical mechanism that it 
could easily cause mining earthquake and rock burst occurrence when the key stratum broke off in 
positive "O-X" type, and by monitoring the rock burst induced by the fracture of the key stratum instantly 
in three-dimensions using the micro seism monitoring system. As the key stratum fracture is a dynamic 
loading process to the lower rock strata, causing the loading process of rock fracturing is different from 
the general static loading conditions, it is necessary to conduct researches on the rock burst induced by the 
fracture of the key stratum. This paper established the dynamic model of the key stratum fractured and 
derived the dynamic load factor when the dynamic impact loading on the lower strata by combining the 
theory of the mechanical load-based dynamic loading with the law of conservation of energy of system, 
we analysed the static stability and the process of energy conversion within the system when the key 
stratum was fracturing. Confirmatory calculation of actual work was also done, which was consistent with 
the field tests approximately. The results can provide references to similar conditions. 
2. Subsidence profile curve of the super mining exploration 
The super mining exploration is the critical mining state that the width of goaf is larger than 1.2 to 1.4 
times the depth. Compared with the full exploration, the maximum subsidence in the central of the super 
mining exploration shows: the distribution of the maximum subsidence presents regional characteristic. 
The fracture interval is closely related to rock mass strength and thickness according to the theory of the 
model of main roof initial fracture. The greater the intensity and thickness are, the greater the fracture 
interval is, so the mining conditions are determined by the rock property and thickness of the key stratum. 
As the thick and hard layer of gravel of the key stratum possesses high strength, high integrity, and it is 
not easy to fracture, the fracture interval is far greater than the general strength of the key stratum, on 
which conditions, the movements of rock below the key stratum can be regarded as the super mining 
exploration. According to the super mining exploration theory, the deformation of the surface subsidence 
varies from zero to maximum with time, which is similar to the full mining exploration. To facilitate the 
description of the subsidence profile curve of the mining exploration, the subsidence profile curve of the 
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super mining exploration is divided into three parts—―full exploration—equal deformation—full 
exploration‖, which is shown in figure 1.The super mining exploration curve equation was described by 
the sink basin profile function derived by Soviet Union's[18]. 
Vz= Vzm [1-
x
L
+
1
2
sin(2
x
L
)]                                                （1） 
Where Vz is the value of separation area height below the key stratum, Vzm is the maximum value of 
separation area height below the key stratum, x is the horizontal distance from the centre of the separation 
area to the expected point of surface subsidence, L is the distance from the centre of the separation area to 
the boundary of the sink area. 
 
Fig.1 The key stratum mining model of the thick and hard layer 
3. The dynamic impact model of key stratum 
The dynamic loading effects are caused to the lower rock strata when the key stratum fractures. The 
instantaneous stress level is much higher than the static in the stable state, and it forces large strain energy 
into the rock strata in the form of elastic wave in a short period of time, being superimposed with the 
original energy. When the key stratum fractures, the more elastic energy is forced into the lower layer of 
the key stratum, the greater the scope the greater the energy, and the more obvious the dynamic effects to 
the lower strata. So it can be seen that the greater the dynamic load factor, the higher the stress level, the 
greater the inputted energy, the more prone to instability for rock. Based on the state of the super mining 
exploration in the plane model, combined with mechanical mechanism and equilibrium conditions of the 
main roof "bond-beam" structure，it is confirmed that when the lower strata are shocked by the fracture 
of the key stratum, lots of energy is forced into the lower strata at the earlier stage through the two salient 
points where they are contact with. With the variation of coefficients, the contact extent increases 
constantly, and extends to surface gradually. Given that the stress disturbance and the energy release on 
the fracturing moment make the greatest effects on the surrounding rock masses, we focused on studying 
the state on the fracturing moment. Based on the above analysis, the key stratum mechanical model on the 
plane of the thick and hard layer was established. See figure 2. 
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Fig.2 The thick and hard layer of the key stratum model for dynamic impact 
According to the actual engineering conditions, combined with the theory of the key stratum fracture, 
assuming the key stratum of thick and hard layer as like rigid body, i.e. the effects on the dynamic impact 
process from the deformation of fracture can be by passed. Considering the variation of the cushion 
coefficient, the dynamic impacted rock subject to Hooke's Law and the elastic modulus is not changed. 
The key stratum fractures instantly when the mining interval reaches the limit value. The energy releases 
by fracturing is composed of three parts: within the survey region, external load exerts on the key stratum 
through the upper boundary of it, which will produce a certain displacement under the action of force. i.e. 
the energy generated by external load; then the key stratum will produce a displacement downward when 
it fractures, the change of gravitational potential energy; finally, the kinetic energy of the key stratum 
before the key stratum fractures. The energy equation was established by the theory of conservation of 
energy. 
W+T+V=Vεd                                                                                                    （2） 
Where W is the energy generated by external load, T is the kinetic energy before the key stratum 
fractures, V is the gravitational potential energy, Vεd is the energy increase in the rock strata below the key 
stratum.  
3.1 Solve the dynamic load factor 
The stress and displacement on the moment of the key stratum fracturing is far greater than that in the 
state of stationary. It is difficult to measure the stress and displacement directly under the actual 
engineering conditions or by using theoretical arithmetic, while it is easy under the static conditions. The 
dynamic load factor is defined as ratio of dynamic load stress, displacement and the static stress, 
displacement. The simultaneous equations that are used to resolve the dynamic load factor are established 
by combining the static mechanical analysis with the energy constant laws. The concrete steps are as 
follows. 
3.1.1 Solve the static mechanical equation 
The model shown in figure 2 is analysed with the static mechanical theory, setting up the following 
equations based on the material mechanical analysis. 
Fst( 2 cos
2
a

2 sin
2
b

 )-(G-Fy)  
2 22( ) 1 cos(2 )a b     =0                       （3） 
2G+2qa-2Fst-2Fy=0                                                                 （4） 
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The static stress is solved based on the above equations, the result is as follow: 
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 
 
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（5） 
 Where a   and b  are the length and height of the block mass of the key stratum,   is the maximum 
angle when the key stratum fractured,   is the depression angle of the block mass of the key stratum, i.e. 
the arctan
a
b
shown in figure 2, G is the gravity of the two block masses, Fy is the vertical stress of the 
boundary of the key block masses below the key stratum, Fst is the static on the static equilibrium 
conditions,  st is the displacement on the static equilibrium conditions. 
3.1.2 Energy Solution 
Under the action of the static, with the effects of the cushion coefficient, the lower strata occur to some 
subsidence; and in the process of rock bursting, not only does the static impact the subsidence, but also the 
displacement subsidence is also impacted by dynamic loading. Taking into account the range of the lower 
impacted strata is large, and the strata are fragmentized on the whole and fully cracks, it is considered that 
it is mainly the mutual embedding of the rock fractures in the process of impact, and the real kinetic 
energy of the impacted strata are small which is seen as zero in the following equations. The formulas 
follow： 
W+V=Vεd                                                                                                                      （6） 
Vεd=2V'=2Fd  d =K2Fst  st                                                                                                （7） 
 st=(h+ha-Vzm)ξ                                                                       （8） 
 
Where Fd is the dynamic loading of rock induced by the key stratum fractured,  d is the dynamic 
displacement of rock induced by the key stratum fractured, h is the mining height, ha is the thickness of 
roof collapse above the coal seam, K is the dynamic load factor, ξ is the compaction factor under static 
load, usually between 0.05-0.15. 
The characteristics of the fracturing process and movements are assayed. Beside the energy from the 
upper loading, there only exists the transformation of the gravitational energy in the model. The W and V 
are figured out based on the theory of quality differential. 
W=2q  y dx                                                                         （9） 
V=2 dx V'=2ρgb  y dx                                                              （10） 
Where  y is vertical displacement of the key block mass. 
3.1.3 Solve the dynamic load factor 
The simultaneous equations are solved by using the static stress in formula 5 and the energy generated 
by external load in formula 9 and the potential energy changes in formula 10. 
K2Fst  st= qa gab 2 2cos( )
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Result of the dynamic load factor  
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The dynamic load factor is resolved according to the above formulas. Adding the relationship between 
the dynamic load stress, displacement and the static stress, displacement, the dynamic load stress and 
displacement of the impact from the key stratum to the lower layer could be worked out. Combining with 
the safety factor, the possible maximum stress and displacement after the key stratum fractures can be 
developed, which may provide references for support designing and safety mining in the next phase. 
3.1.4 Analysis of results 
The analysis of dynamic load factor formula shows that the size of the factor is relate with several 
parameters including the aspect ratio of the key block masses, the thickness of the overburden, the mining 
height, the thickness of the bottom of the key stratum and the compaction coefficient on static loading 
conditions. Because the contribution from each parameter is different, the sensitivity of different 
parameters from the dynamic load factor is different as well. In order to study the sensitivity of different 
parameters, the formulas are analysed by using the principle of single-factor changing. On the given 
actual conditions, this paper focused on the sensitive analysis of the static load compaction factor and the 
vertical overburden pressure so that it could be applied as much as possible to the similar mining areas. 
The results are shown as follows: 
 
Fig.3 The dynamic load factor changes with different cushion coefficients  
 
Fig.4 The dynamic load factor changes with different burial depth 
Figure 3 shows that the dynamic load factor increased with the decrease of cushion coefficients under 
the actual mining geology conditions, which suggests that the lower strata collapse are equivalent to the 
formation of a loose buffer space, making the effect of rock burst is relatively little when the key stratum 
a=60m, b=60m, h=3m, ha=8.3m,  =0.1 
 
a=60m, b=60m, h=3, ha=8.3m, p=10MN 
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fractures. On the other hand, it explains that it favour the management principle of the mining pressure 
when the roof suddenly fractures by increasing the fragmentation of the main roof. Figure 4 shows that the 
dynamic load factor increases with the burial depth decreasing. The main reasons are: as the depth 
increased, the incremental value of static stress itself is at a very high magnitude. Although the dynamic 
load factor trends downward around -0.2 with the depth increasing, it does not mean that the dynamic 
effect decreased. Although the dynamic load factor is relatively smaller, the static load by each part of the 
dynamic load factor increased greatly. The increase of static stress makes a major contribution to the 
dynamic impact of rock burst at this time. That is to say although the relative dynamic load decreases, the 
absolute static increases greatly, so the management and monitoring should be strengthened to prevent 
rock burst hazards. 
4. Checking the actual project  
A coal mine located in north-eastern China. In the process of deep mining, the mine ground pressure 
tended to intense, and rock burst occurred many times. The main coal seams are 3# and 9# at present. The 
hardness of 3# coal is greater (Plats coefficient f = 3). The average coal thickness is 3.38meters, and the 
average depth is -400 meters or so. The average coal seam angle is 30°-33°.The immediate roof is fine 
sandstone of 3 to 15meters, which has a 9 meters sandstone thickness. The thickness of the main roof is 
around 60 meters gravel, which is determined as the key stratum by calculating and analysing. The mining 
pressure reports show that the main roof‗s first weighting interval is around 100 meters under the 
conditions, so parameter ―a‖ can be determined to be 50 meters. After the field test on the force of the 
support when the main roof fractured firstly, it was found that the dynamic pressure coefficient was about 
2.2. The following parameters are determined after calculation. The results are shown in table 1. 
Table.1 The actual project results by using the formula 12 
Parameters a  b      2K  K  
The actual 
dynamic 
pressure 
coefficient 
Value 50 60 6° 0.1 6.72 2.59 2.1-2.4 
The results showed that the theoretical result of the dynamic load factor based on the formula is larger 
than the measured one. Analysis shows the following reasons: on the one hand, the calculation is 
completed within the elastic deformation, but the rock plastic deformation would also happen due to the 
presence of high stress under the actual situations, even though the gravel roofs are hard, thick and strong 
enough, the joints are still exist in them. The relative motion of joints and the friction would consume 
energy constantly, which lead to larger calculation result; on the other hand, the energy is inputted to both 
sides of the key stratum in the form of elastic wave and the energy transfers effectively, which is both 
ignored in the process of energy calculation, which causes the energy value is larger than the actual result, 
leading to the K value larger, but some guidance and practice still could be given to engineering 
references. 
5. Conclusions 
1) Under the exploration conditions that the thick and hard roof of gravel is regarded as the key stratum, 
the separation area matches the subsidence profile curve of the super mining exploration, having the equal 
deformation at the central region. The model which contacts the lower strata with two salient points when 
the thick and hard layer of the key stratum fractured is established. Lots of energy is forced into the lower 
strata at the earlier stage through which they contacted firstly. 
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2) A large amount of strain energy would be forced into the rock during the process of fracture and 
destabilization of the key stratum. The greater the dynamic load factor was, the more elastic energy that is 
forced into the lower strata, and the more obvious the dynamic impact on the lower rock strata would be, 
the more easily it lead to rock burst hazards. 
3) The size of the dynamic load factor relates to the aspect ratio of key rock masses, the thickness of 
the overburden, the mining height, the thickness of the rock broken down at the bottom of key stratum and 
the compaction coefficient on static during loading conditions. The dynamic load factor increases with the 
cushion coefficients decreasing. The lower strata collapse are equivalent to the formation of a loose buffer 
space, making the effects of rock shock are relatively little when the key stratum fractured; the dynamic 
load factor increases with the burial depth decreasing. Increment of the static stress becomes a major 
contribution to the dynamic impact on rock burst at this time. According to the calculation of actual work, 
the results are consistent with the field tests. 
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